Imposed horizontal density differences in a laterally unbounded rotating fluid across a bottom of variable depth lead to the formation of surface to bottom fronts with enhanced asymmetry. In a twolayer fluid, the down-slope spillage of heavy fluid leads to greater lower layer penetration than the extent of upper layer advance in the opposite direction. These finite amplitude movements generate barotropic flows that have the same direction as the velocity in the layer that thins as a result of the movement. Lower-layer movements up the depth gradient enhance the generation of lower-layer flow due to vortex foreshortening and favor a barotropic flow in the same direction. In contrast, lower-layer movements down the depth gradient enhance the upper-layer flow for the same reason and favor a barotropic flow in the direction of that flow. Extended down-slope movement of heavy fluids also leads to the formation of isolated heavy fluid lens over the bottom, within which the flow is reminiscent of observed bottom currents such as that associated with the cold, dense Norwegian Sea water south of the Denmark Strait (Smith, 1976). In addition to bodily displacing the front in the Ekman sense, Uniform surface stress directed with deep (shallow) fluid to the right flattens (sharpens) the front. The displacemerit of the front as a whole also gives rise to additional vortex stretching that leads to further deviation from symmetry in the cross-front distribution of the barotropic transport.
INTRODUCTION
It has been noted that on the continental margins of the ocean, there is often a complete separation of relatively fresh coastal water from the deep water further offshore across a density front that extends from the sea surface to the sea bottom in an S-shaped curve [Csanady, 1978] Indeed, Csanady [1971] was successful in describing the spring thermocline behavior in Lake Ontario with a simple geostrophic adjustment model of finite amplitude that conserves potential vorticity. More recently, Csanady [1978] extended this work to include the effects of wind on the frontal adjustment processes. Csanady's model is, however, restricted to cases in which the sea floor underlying the front is flat. In contrast, the continental shelf is sloped. In particula r , the slope of the sea floor increases rapidly near the shelf break where some of the major fronts occur.
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0148-0227/83/002C-1541 $05.00 Flagg and Beardsley [1978] have shown that for an overlying Margules-tYpe planar front, an increase in bottom slope tends to stabilize the flow completely. Although it remains to be seen whether the cross-front shear in the along'front flow that is not included in the planar front model does not change this stabilizing tendency, the presence of a Steep topography is clearly a feature of considerable influence in the frontal flow dynamics. In the context of the formation of the front as the product of a geostrophic adjustment process, the significance of a steep bottom topography lies in the potential vorticity gradient it imposes upon the movement of the overlying water. Because of this, potential vorticity bookkeeping over regions of sharp topographic change, such as along the continental shelf break requires a knowledge of the displacement that each individual water column undergoes before the equilibrium is reached. Tagging water columns by their displacements has been su•ggested in literature [Csanady, 1978] . The purpose of the present work is to provide a formalism to the idea and to utilize it to consider the formation of surface to bottom fronts over steep topography in a geostrophic adjustment process in two dimensions with no along-front variations. The work establishes a framework in which external, spatially variable, momentum sources such as winds and mesoscale eddies may be considered. In addition, it also sets the stage for an examination of the stability O f surface to bottom fronts over the continental shelf break that are not necessarily of the Margules-type.
In the following, the mathematical development begins with taking the well-known approach of assuming a hypothetical vertical barrier that initially keeps apart the two fluids found on either sides of a density front in the adjusted 0140  0033  2315  2154  2047   I  I  I  I   STATION  NUMBERS  8106  8107  8109  8117 barrier to impose an initial horizontal density difference is, of course, a valid practice only if the mechanism by which density contrast is formed in nature operates on time scales short compared to the geostrophic adjustment time which is approximately a day. The cooling of coastal waters due to passage of severe cold fronts is one such mechanism.
MODEL
Consider two immiscible, incompressible, homogeneous fluids of densities p• and p2(p2 > p•) that are kept apart initially by a vertical barrier over a steep topography. On either side of this region of topographic change, the bottom is flat (Figure 2 ). There is no along-shelf variation. Upon removal of the barrier, the two fluids flow against each other toward a state of equilibrium. It will be assumed that through the adjustment process, friction and mixing are negligible, and potential vorticity is conserved. In the adjusted state, the two fluids are therefore separated by an interface (a density front) that intersects both the free surface and the bottom. The resulting flow is along-front and in geostrophic balance. The crux of the problem is to calculate the final adjusted state from the initial configuration of the two-fluid 
5. In the region (V) offlat bottom to the left, x -< -a -x0,
Here and everywhere else in the article the subscript x indicates ordinary differentiation with respect to the crossfront coordinate, and e = (p2 -pl)/P2.
METHOD OF SOLUTION
Upon assuming that the adjusted flow vanishes far away from the frontal zone, the system of equations (1)- (8) 0.234) of the heavy fluid down the steeper slope. The frontal zone width is also increased by nearly 40%. The lower-layer depth is nearly zero at the shelf break. As a consequence, the total transport is dominated by the upper layer flow to a greater extent than is the case with a more gentle slope.
Frontal Zone Shape and Transports With Wind-Stress Forcing
The role of an along-front wind-stress impulse is primarily that of inducing an extra amount of water column displacement in addition to that due to gravity. In an unbounded twofluid system over a flat bottom, a uniform wind-stress impulse generates no flow since a water column that undergoes lateral displacements experiences no change in depth and therefore no change in relative vorticity. Such a uniform impulse is, however, capable of moving the front as a rigid body. 
